Objectives. To study the longitudinal development of pulmonary function in patients with primary SS (pSS) and its association with respiratory symptoms, pulmonary radiographic findings and clinical features of pSS.
Introduction
Primary SS (pSS) is an autoimmune disease affecting exocrine glands and also frequently non-exocrine organs, including the lungs [15] . Although cross-sectional studies have evaluated pulmonary function in pSS patients [3, 57] , only a few have followed pulmonary function longitudinally, all of which have used older classification criteria for pSS [710] . Since immunological mechanisms seem to be involved in the pathogenesis of pulmonary manifestations [1, 610] and the AmericanEuropean Consensus Criteria (AECC) [11] only include pSS patients with some evidence of autoimmunity, an increased prevalence of pulmonary involvement could possibly be expected in pSS patients diagnosed according to the AECC. The aims of this study were (i) to investigate pulmonary function and its development in patients with pSS; and (ii) to study its associations with respiratory symptoms and clinical, radiographic, inflammatory and serological features of pSS.
Materials and methods

Patients
Eligible patients for inclusion in the study were female pSS patients, diagnosed according to the AECC [11] , with a maximum age of 80 years, from the Malmö Sjö gren's Syndrome Registry, who had previously been investigated with pulmonary function tests (PFTs). Sixty-five female patients had previously been investigated with PFT, mostly due to the reporting of respiratory symptoms, e.g. cough or dyspnoea, and were invited to the study, 24 of whom declined participation. Forty-one pSS patients were thus included [mean age 62 (range 2580) years]. The mean follow-up time was 11.2 (range 2.126.2) years. Twenty-six were never smokers, 12 former smokers and 3 current smokers. Of former smokers, none had been smoking after baseline PFT. At baseline, the total lung capacity (TLC) and residual volume (RV) had not been assessed in one patient, the diffusion capacity for carbon monoxide (D LCO ) in two patients and reversibility test was lacking in two patients with forced expiratory volume in 1 s (FEV 1 )/vital capacity (VC) (i.e. ratio of FEV 1 to VC) <0.70. At follow-up, two patients were not studied by reversibility test.
PFT controls
The PFT controls consisted of 186 population-based females attending a general health survey, of whom 100 were never smokers and 86 were current smokers [mean age 45 (range 2070) years]. Based on these PFT results, expected values for PFT variables were calculated using a linear regression model into which age, height, weight and tobacco consumption were added as covariates [12] .
Methods
The pSS patients at baseline had been investigated by PFT. At follow-up, patients were evaluated by PFT, but also by high-resolution CT (HRCT) scans of the lungs, evaluation of respiratory symptoms by the St George's Respiratory Questionnaire (SGRQ) [13, 14] 
Questionnaires
The patients completed the SGRQ and the symptom, activity, impact and total scores were calculated. Scores range from 0 to 100 with a low-score indicating good health [13, 14] . Disease activity was assessed by the ESSDAI, including 12 domains. The ESSDAI total score was calculated by adding the domain scores [15, 16] . Patient-reported disease-related symptoms were evaluated by the ESSPRI, where patients score symptoms of sicca, pain, somatic and mental fatigue. An ESSPRI total score is calculated as the mean of the four symptom scores [17] . The patients also completed a structured questionnaire on smoking habits, including smoking status, years of smoking and the average daily tobacco consumption when smoking.
Laboratory and additional tests
The degree of inflammation was evaluated by assessing ESR and serum levels of IgG, C3 and C4. Moreover, sera were analysed for the presence of RF, ANA, anti-SSA and anti-SSB antibodies. Brain natriuretic peptide (BNP) was assessed to rule out concomitant congestive heart failure. Thomas Mandl et al.
Statistics
( Table 1 ). Furthermore, FEV 1 and FEV 1 /VC were found to decrease and the TLC to increase significantly more per follow-up year in pSS patients in comparison with expected changes, while the changes in other PFT variables per follow-up year were not significant ( Fig. 1) . At baseline, 7% (3/41) of pSS patients were diagnosed with definite or suspected COPD. At follow-up, 37% (15/ 41) of pSS patients fulfilled COPD criteria and 10% (4/39) had clinically significant reversibility, two of whom belonged to the COPD group. Nine had mild and six had moderate COPD [19] . COPD diagnosis was more common in ever-smoking (73%, 11/15) than in never-smoking pSS patients (15%, 4/26). The FEV 1 /VC was found to correlate inversely with the number of pack years (r = À0.457; P = 0.001) and smoking years (r = À0.439; P = 0.001).
Radiographies
In the HRCT scans, interstitial changes (often judged as mild), bronchiectasias, traction bronchiectasias, emphysema, ground glass opacities and honeycombing were found in 54, 44, 27, 15, 7 and 0%, respectively. Radiographic abnormalities and PFT variables were poorly correlated.
SGRQ
The SGRQ symptom, activity, impact and total scores were 29.0 (21.7), 45.3 (22.7), 16.6 (16.8) and 27.4 (17.0), respectively. PFT variables at follow-up and SGRQ scores were poorly correlated. However, the SGRQ activity, impact and total scores were found to correlate significantly with the ESSDAI and the ESSPRI total scores (data not shown).
Clinical and laboratory variables
At follow-up, one patient was chronically treated with inhaled CSs and four with inhaled bronchodilators, but none required oxygen therapy. In the ESSDAI respiratory domain, 54% had no activity, 27% low activity, 20% moderate activity and 0% high activity. The ESSDAI total score was found to inversely correlate with VC (r = À0.463; P = 0.002), FEV 1 (r = À0.415; P = 0.007) and D LCO (r = À0.351; P = 0.025) at follow-up. If the respiratory domain was excluded from the ESSDAI, the correlations disappeared. The ESSPRI total score did not correlate with the PFT variables. PFT variables were poorly associated with ANA, RF, anti-SSA or anti-SSB antibodies, ESR, IgG, C3, C4, BNP, extraglandular disease and disease duration.
Discussion
In this study, pSS patients showed signs of mainly obstructive but also discrete restrictive pulmonary disease. COPD was diagnosed in 37% of the pSS patients at follow-up and was more prevalent among ever smokers. Respiratory symptoms and radiographic abnormalities were common in pSS patients, but were poorly associated with PFT variables.
Since the PFT variables were standardized with regard to age, height, weight and tobacco consumption, the findings of a decreased FEV 1 and VC at baseline and at follow-up as well as a significant deterioration of the D LCO , FEV 1 and FEV 1 /VC during follow-up imply that the disease itself may result in both obstructive and restrictive pulmonary disease, which is in line with previous reports Two of the three COPD patients had not been evaluated by reversibility test at baseline. *P < 0.05 vs expected values, **P < 0.01 vs expected values, ***P < 0.001 vs expected values.
+ P < 0.05 vs baseline, ++ P < 0.01 vs baseline, +++ P < 0.001 vs baseline.
www.rheumatology.oxfordjournals.org [3, 7] . The deteriorations of FEV 1 and FEV 1 /VC during follow-up could imply that mucosal dryness in the airways and decreased mucociliary clearance may give rise to obstructive airway disease, although inflammatory mechanisms engaging exocrine glands in the airways may also be involved. The prevalence of COPD was unexpectedly high, even considering that ever smokers were five times more prone to be diagnosed with COPD at follow-up than never smokers. The high prevalence of COPD, especially in ever smokers, may be due to the selection of subclinical COPD patients among pSS patients when performing the PFT at baseline. Of note, however, was that only 7% (3/41) of the pSS patients were diagnosed with definite or suspected COPD at baseline, and none of the former smokers had smoked during follow-up. Another explanation could also be that disease-specific mechanisms, including sicca and smoking, may interact in the pathogenesis of COPD in these patients. In addition, the application of a fixed FEV 1 /VC ratio may also lead to an overestimation of COPD, especially in elderly subjects. Nevertheless, these findings underline the importance of recommending that pSS patients with respiratory symptoms refrain from smoking.
In addition, pSS patients had a decreased D LCO at follow-up as well as a deterioration of D LCO during follow-up. The decreased D LCO has been previously reported in pSS patients [5, 710] , although deterioration has only been reported in one [7] , whereas other studies reported stabilization or improvement over time [810] . In the absence of radiographic signs of emphysema in most patients, the reduced D LCO could be due to discrete restrictive pulmonary disease, also in line with the decreased VC. Although the lack of association between radiographic interstitial changes and the D LCO is contradictory, the lack of association could imply that these often mild radiographic changes may be unspecific. Interstitial changes and bronchiectasias were both common findings in pSS patients, whereas ground glass opacities were only described in a few and honeycombing in none, in line with previous reports [13] .
In our study, the SGRQ showed that respiratory symptoms were common in pSS patients. The SGRQ scores as well as several PFT variables correlated with the ESSDAI, which was not surprising considering that respiratory symptoms and PFT variables contribute to the score in its respiratory domain. The SGRQ scores, however, were poorly associated with PFT, but correlated with the ESSPRI, which could be due to the SGRQ tapping other symptoms in pSS patients than intended, including symptoms of airway sicca, thereby explaining the poor correlation with PFT.
In previous studies, associations between anti-SSA antibodies [8, 9], focal sialoadenitis [8], hypergammaglobulinaemia, b 2 -microglobulin [10] and PFT have been described. In contrast with previous reports, we could not demonstrate an association between any serological or immunological factors and PFT, possibly due to differences in patient selection.
The strengths of this study were the application of the AECC for pSS, the assessment of pulmonary dysfunction signs and symptoms with different modalities and the long-term follow-up. Limitations were selection of patients previously studied by PFT due to respiratory symptoms. Differences in follow-up time and disease duration between patients may have influenced the possibility of detecting non-linear changes of PFT variables. Furthermore, due to the lack of baseline HRCT scans of the lungs, and lacking clinical and PFT data during follow-up, the evolution of radiological changes over time and the influence of other co-morbidities on pulmonary function, e.g. respiratory tract infections, could not be assessed.
In conclusion, pSS patients showed signs of mainly obstructive but also discrete restrictive pulmonary disease that deteriorated during follow-up, and COPD indeed became a very common finding. Respiratory symptoms and radiological abnormalities were common in pSS patients but were poorly associated with PFT variables, as were inflammatory and serological features of pSS.
Rheumatology key messages
. The pSS patients showed signs of obstructive and restrictive pulmonary disease. . COPD often developed in pSS patients. . Pulmonary function was poorly associated with respiratory symptoms and radiographic abnormalities. Whipple's disease diagnosis following the use of TNF-a blockade A 46-year-old man with inflammatory back pain and large and small joint arthritis was diagnosed with AS 10 years following symptom onset. Physical examination showed decreased vertebral range of motion. Laboratories revealed ESR of 40 mm/h, RF negative, ANA negative with positive HLA-B27. Plain radiographs demonstrated sacroiliac pseudo-widening. Antiinflammatories, MTX (25 mg s.c. weekly) and prednisone (7.510 mg daily) were initiated. Five months later, infliximab (5 mg/kg increased to 10 mg/kg every 6 weeks) was added for inflammatory back pain with improvement.
After 2 years of infliximab, the patient developed fevers and migratory arthritis precipitating hospitalization. Abnormal laboratories included white blood cell (WBC) count 36 k/ mm 3 , haemoglobin (Hgb) 11.6 g/dl and ESR 58 mm/h. Evaluation including WBC scan, histoplasma antigen, brucella serology, routine and lysis centrifugation blood cultures, hepatitis and HIV serology, and bone marrow biopsy were negative. Symptoms resolved with cessation of infliximab and MTX. Three months later, re-challenge with adalimumab and MTX for recurrent inflammatory symptoms resulted in fevers, migratory arthritis and new weight loss with diarrhoea. Endoscopy with duodenal biopsy showed altered architecture and intracellular bacilli on periodic acid-Schiff stain (Fig. 1) . Trophyrema whipplei was detected from blood and duodenal tissue by PCR. Intravenous ceftriaxone (2 g daily for 2 weeks) was commenced followed by trimethoprim-sulphamethoxazole with improved symptoms.
Trophyrema whipplei is a ubiquitous organism, rarely associated with multisystemic and relapsing disease. The organism may be detectable by PAS staining of involved organ tissue or with 16S rRNA gene identification [1] . Arthropathies associated with T. whipplei may precede diagnosis and exhibit axial and peripheral involvement, with symptom exacerbation following TNF-a inhibitors [1, 2] . Our case illustrates the consideration of alternative aetiologies in patients with articular symptoms, most importantly following clinical deterioration on immunomodulatory agents like TNF-a inhibitors. Thomas Mandl et al.
